Abstract. [Purpose] To investigate the effect of vitamin D supplementation on rehabilitation outcomes and balance in patients having hemiplegia due to ischemic stroke. [Subjects and Methods] Vitamin D levels of 132 patients hospitalized for hemiplegia rehabilitation due to ischemic stroke were tested. Consequently, 86/132 patients had low vitamin D levels, 72 of which met the inclusion criteria and were included in the study. Patients were divided into two groups: Group A (injected with 300,000 IU vitamin D), and Group B (injected intramuscularly with saline). Each patient was tested at the baseline and at the third month using the Brunnstrom recovery staging, functional ambulation scale, modified Barthel index, and Berg balance scale. The findings were compared between the groups.
INTRODUCTION
Strokes are one of the most common causes of disability in the world, and the most common occurrence after stroke is hemiplegia. In hemiplegic patients, vitamin D deficiency is a common health problem 1, 2) . Immobility, old age, and the resulting reduced dietary intake, decreased exposure to daylight, reduced production capacity of the skin, reduced absorption from the intestines, and kidney hydroxylation have been identified as its causes 3, 4) .
Low vitamin D levels increase the risk of ischemic stroke 1) . Maintaining vitamin D at normal levels reportedly reduces stroke risk and improves balance and muscle function in lower extremities 1, 2) . Thus, in this context, our study investigating the role of vitamin D supplementation in the management of patients having hemiplegia due to ischemic stroke is significant. Herein, we aimed to investigate the effect of vitamin D supplementation on rehabilitation outcomes and balance in hemiplegic patients with vitamin D deficiency.
SUBJECTS AND METHODS
The study was a randomized, double-blind, placebo-controlled study and included 132 patients with hemiplegia due to ischemic stroke who were hospitalized for neurological rehabilitation between September 2014 and March 2015 in Erenkoy Physical Therapy and Rehabilitation Hospital Of these patients, 86/132 had low D vitamin levels (winter season measurement, <30 ng/ml), and 72 of these 86 patients met the inclusion criteria (stated below). Patients were divided into two groups: the vitamin D-injected group (Group A) and the saline-injected control group (Group B).
The inclusion criteria were hospitalization for hemiplegia rehabilitation, no history of cerebrovascular disease, ischemic etiology of stroke, and a gap of at least 2 months having passed since the last stroke. The exclusion criteria were as follows: having an end-stage disease (cancer) or a disease other than stroke that may affect balance or ambulation (e.g., multiple sclerosis, Parkinson's disease, or pelvic and lower limb surgery), constrain sun exposure (e.g., vitiligo and psoriasis), or affect vitamin D levels (e.g., chronic renal failure and celiac disease).
Data pertaining to the following clinical features were recorded by data entry staff without specifying group information: sociodemographic data, Brunnstrom recovery staging (BRS), functional ambulation scale (FAS), modified Barthel index (MBI) scores, Berg balance scale (BBS), and vitamin D levels. All patients provided written informed consent. Ethics committee approval was obtained from Yeditepe University Medical Faculty (Approval number: 0197/2012) before the study proceeded. The study has been reported as per the CONSORT 2010 guidelines.
At the beginning of the study, patients in Group A were injected intramuscularly with 300,000 IU vitamin D in 2 ml of liquid and those in Group B were injected intramuscularly with 2 ml of physiological saline. Each patient was assessed by an independent physiatrist with the BRS test for motor evaluation, FAS for ambulation, MBI for mobility and daily life activities, and BBS for balance on the day of being included in the study and 3 months after this date.
Measurement of 25 (OH) vitamin D3 was performed with an RIA CT kit (BioSource Europe SA, Nivelles, Belgium) using a radioimmunoassay method. A 25 (OH) vitamin D3 level >30 ng/ml was considered normal. Patients were only admitted during the fall-winter period (from September to February) to prevent the effects of seasonal differences on vitamin D levels.
The Berg Balance Scale is a 14-item assessment tool used to evaluate the balance and fall risk. Each item is scored between 0 (minimum) and 4 (maximum). Higher scores indicate better balance 5, 6) . The MBI comprises 10 items relating to daily activities and mobility. Scoring depends on whether the patient gets help while performing these functions. The highest score (100) indicates that the person is completely physically independent while performing these functions, whereas the minimum score (0) indicates complete dependence. Patients are assessed at five levels 7) . The FAS comprises six stages. Stage 5 shows independent ambulation, while Stage 0 shows non-functional ambulation 8) . Brunnstrom Recovery Staging assesses the level of motor function in hemiplegic patients. Healing stages are classified into six; on Stage 1, flaccidity is present and no movements of the part can be initiated, whereas Stage 6 shows normal function 9) .
Statistical analyses were done with the use of with SPSS version 20.0 for Windows (SPSS Inc., Chicago, IL, USA) package program. In addition to descriptive statistical methods, group comparisons of non-normally distributed variables were done using independent t-test. A p value <0.05 was considered statistically significant.
Patient grouping information and measurement results were collected by the data entry staff after the third-month evaluation was completed.
The sample size was determined by the power analysis method. No secondary analysis was performed. A simple randomization method was used in this study. Patients considered eligible to participate in the study were listed; the patients who had an odd a sequence number were taken into one group, and the others were taken into the other group. Sequence randomization was performed by a service nurse who was given information only about the grouping, without detailed knowledge of the study content. The service nurse prepared the injection only with the knowledge of the group the individual belonged to, and another nurse who did not have group information injected the prepared injections. The data records of the participants were kept by data entry staff that had no information about the contents of the study. After the patient evaluations were completed, the participants' grouping information was reported to the data entry staff by the relevant nurse.
RESULTS
Thirty-six patients were randomly assigned to each group. Three patients from Group A and two from Group B were transferred to other hospitals due to other health problems. The planned injection was given to 33 patients from Group A and 34 patients from Group B. We excluded two patients in Group A and one patient in Group B from the study due to not participating in the follow-up (Fig. 1) .
The study was conducted between September 2014 and March 2015. Each patient was rehabilitated for 3 months after the injection, and rehabilitation and balance evaluations were made at the end of the third month. Basic demographic and clinical data are shown in Table 1 .
Comparisons of the rehabilitation outcomes and balance are shown in Table 2 . During the baseline and third months, the results of the BRS for the upper extremity, hand, and lower extremity evaluations did not statistically significantly differ between Groups A and B. Although MBI did not significantly differ (p=0.148) between the two groups at the beginning of the study, by the end of the 3rd month, a statistically significant difference was evident (p<0.001). The baseline (p=0.817) and third-month statistics (p=0.018) of the FAS did not significantly differ between the groups. Although there was no statistically significant difference between the two groups at the beginning of the (p=0.436), there was a statistically significant difference between them by the end of the third month (p<0.001).
DISCUSSION
The treatment of vitamin D deficiency is quite easy, inexpensive, and safe. Vitamin D levels in elderly have been associated with decreased muscle strength, balance, and physical performance. As the majority of the hemiplegic patients are elderly, a specific investigation on this topic focusing on the elderly was warranted 10, 11) . In this study, we investigated the association of vitamin D administration with balance and rehabilitation outcomes in ischemic hemiplegic patients and found that vitamin D administration improved the mobility and daily life activities with accelerated balance recovery. Our study is the first double-blind, randomized controlled study carried out in this regard.
The effect of calcium plus D vitamin administration on ischemic stroke outcomes was previously investigated by Gupta et al 12) . In acute phase evaluations, decreases in disability and mortality were found among some other improvements. Another The continuous variables are expressed as mean ± standard error of mean (SEM); the categorical variables are expressed as numbers (n) and percentage (%).
study assessed if there was a correlation between stroke patients' vitamin D levels and age, duration of illness, and functional independence scale scores and found no correlation 13) . Based on rehabilitation outcome evaluations in this study, although no improvement in the BRS assessment and FAS outcomes was observed after vitamin D supplementation, a significant improvement was observed in the MBI scores (in terms of daily living activities and mobility) and BBS scores. In post-stroke hemiplegic patients, vitamin D supplementation has been shown to increase muscle strength, thus reducing falls and associated fractures 14) . Our findings support the notion that reduced falling and the associated reduction of fractures are not only related to increased muscle strength but may also be related to the effect of vitamin D on maintaining body balance.
Several studies have examined the relationship between vitamin D levels and balance. However, to our knowledge, our study is the first to investigate this relationship in patients having hemiplegia due to ischemic stroke. Some of the previous studies have reported a positive contribution of vitamin D to balance 10, 15) whereas some reported no such effect of vitamin D 16) . In a study of healthy middle-aged subjects, no correlation was found between vitamin D and balance 17) . A study on osteoporotic patients found that balance scores were significant in patients with low vitamin D levels 18) . In a systematic review and meta-analysis conducted to investigate the effect of vitamin D supplementation on balance in elderly individuals, vitamin D supplementation of 800-1,000 IU per day was found to have beneficial effects on balance 1) . In a study conducted in women aged >60 years, balance control was found to be better in patients with 25 (OH) vitamin D levels above 50 nmol/l than in those with the levels <50 nmol/l 2) . Unlike some previous studies, in our study, we did not investigate the relationship between balance and direct vitamin D levels; we instead investigated how balance scores changed with vitamin D supplementation in patients with vitamin D deficiency; consequently, those who received vitamin D supplementation showed more improvement than those who did not receive supplementation. There are some hypotheses on the mechanism, by which vitamin D is effective on balance 17, 18) . Although the underlying mechanisms of several effects of vitamin D on balance and neuromuscular functions are still not fully understood, it is believed to be associated with the muscle cells that regulate the muscle membrane phospholipid metabolism and the flow of calcium [19] [20] [21] .
The relationship between vitamin D and the quality of life has been investigated for different diseases in previous studies. In a cross-sectional study of 350 patients with hip fractures, Di Monaco et al. found a significant correlation between vitamin D and the Barthel index scores, which was used as a functional improvement indicator 22) . Another study revealed a correlation between low vitamin D levels in elderly patients who needed home care and decreased activities of daily living 23) . In the present study, MBI and FAS were used to evaluate the daily activities, mobility, and ambulation status of the patients, and the association between these and vitamin D supplementation was investigated. We found better MBI scores after vitamin D supplementation in hemiplegic patients. There was no significant association between FAS values with vitamin D supplementation in hemiplegic patients. Previous studies have investigated the relationships of vitamin D levels with the quality of life and ambulation. In a study, 236 patients aged ≥65 years with hemiplegia were monitored for 2 years, and a correlation of vitamin D levels with Barthel index scores and muscle strength of the non-hemiplegic side was observed 14) . In a retrospective study, Yalbuzdağ et al. 24) examined 120 stroke patients after rehabilitation and identified a relationship between changes in the Functional Independence Measure Mobility score of patients and vitamin D. However, there was no relationship identified between FAS values and vitamin D levels. Our findings were consistent with these findings of Yalbuzdağ et al. 24) on the relationship of vitamin D levels with the quality of life and ambulation ability. There were significant improvements in activities of daily living after vitamin D supplementation; however, no significant improvements in ambulation were observed. The most important limitation of this study is that a generalization cannot be made due to the small number of patients included. Another limitation is that the follow-up period of the patients was limited to 3 months. A long-term comparison of results can give a broader perspective.
In conclusion, this study supports that vitamin D supplementation has positive effects on the improvement of balance and activities of daily living in patients having hemiplegia due to ischemic stroke who have low levels of vitamin D. However, the effects on motor healing and ambulation could not be clearly demonstrated.
